When the preponderance of blood group 0 among peptic ulcer subjects was established and put on a statistically secure basis by Aird, Bentall, Mehigan, and Roberts in 1954 , they remarked that it had been less among their gastric ulcer than among their duodenal ulcer subjects. However, since the difference between the sufferers from the two diseases had not been statistically significant, they did not feel justified in separating them for the purpose of comparison with the controls.
The following year one of us, describing a series of 119 cases of combined duodenal and gastric ulcers, reported that in such cases the duodenal ulcer ordinarily appears first, the patients being of the hypersecreting, duodenal-ulcer type rather than showing the minimal acid secretion found in most other gastric ulcer subjects. It was therefore suggested that gastric ulcers which occurred in the presence of gastric retention or in combination with duodenal ulcers in hypersecreting subjects were a different disease from other gastric ulcers, with incidentally a much worse prognosis (Johnson, 1955a) .
It was also pointed out that these patients might be guessed to have a blood group distribution characteristic of the earlier, duodenal lesion, and that the smaller group 0 preponderance in gastric ulcer subjects might all come from those of them who had combined lesions (Johnson, 1955b) . Accordingly an investigation of the possibility was begun by collecting gastric ulcer cases and dividing them into types.
Two years later a pilot survey of 523 typed gastric ulcers was published (Johnson, 1957b) and it was reported that the combined ulcers and also the prepyloric ulcers were associated both with acid hypersecretion and, in this series, with a group 0 excess even greater than any previously reported for duodenal ulcers. These two kinds had indeed been responsible for the whole of the overall group 0 preponderance of the series, for the other gastric ulcers, some 60% of the total, as well as being in subjects characterized by well-marked hyposecretion, were also apparently more apt to occur in subjects with group A rather than group 0 blood. However, owing to the smallness of the series, the figures had only just achieved statistical significance at the conventional 5 % level, and clearly called for confirmation with much larger numbers, particularly as some other small series had shown different results for antral ulcers (Billington, 1956; Balme and Jennings, 1957) . More material was therefore collected over a wide area, and it is this larger series which is now being reported.
Meanwhile figures for the blood group characteristics of series from different sources of gastric ulcers composed of all types continued to be conflicting. Clarke, Cowan, Edwards, Howel-Evans, McConnell, Woodrow, and Sheppard (1955) of Liverpool, who were the first to establish the real difference between duodenal and gastric ulcer subjects, reported a significantly smaller excess of group 0 patients among 357 with ulcers in the stomach than among 800 with duodenal ulcers. But they did not, in this series, observe any significant difference between the gastric ulcer patients and controls. On the other hand Brown, Melrose, and Wallace (1956) reported from Scotland that among 300 gastric ulcer subjects the blood group 0 preponderance was greater even than that among 1,642 with duodenal ulcers, though again the excess over the controls was not such that it achieved statistical significance at the 5 % level.
In 1958 Billington analysed 351 combined ulcer cases extracted from previously published series to show that combined duodenal and gastric ulcer subjects did indeed have a very marked group 0 preponderance. In 1961 Grahame describedtheblood group characteristics of 722 duodenal and 232 gastric ulcer subjects from Tyneside. Like Daintree Johnson he found a marked group 0 excess among those whose ulcers were prepyloric and among the combined ulcer cases. His remaining lesser curve gastric ulcers, which were of type I according to our classification, were also associated with a 5 % excess of group A over the controls. But the series was too small for this to be significant, and it was not commented upon.
MATERIAL IN THE PRESENT SERIES
Data were collected from London, north-east England, north-west England, the west country, and Northern Ireland. Six different hospitals contributed to the London material. Since it was shown by Aird et al. (1954) that no significant differences were associated with age or sex groupings when pepticulcer/blood-group relationships were being considered, the patients were not so divided in this survey.
The gastric ulcers were originally separated into three types:
TYPE I An ulcer to the left of the gastric angulus (the lowest point of the lesser curve) without macroscopically detectable abnormality of the duodenum, pylorus, or prepyloric region.
TYPE II An ulcer to the left of the gastric angulus associated with an ulcer or scar of the duodenum or pylorus.
TYPE III A prepyloric gastric ulcer, with or without duodenal abnormality and with or without a type II ulcer proximal to it.
Later it was decided to try and keep separate those ulcers which were to the right of the gastric angulus but further than 1 in. from the pylorus (category IIIa), partly to provide a broad no-man's land between type I ulcers and truly prepyloric ulcers, and partly because we were not sure with which type ulcers in this position would best fit. Type III was to be restricted to the prepyloric inch.
However, in the event it was found that not all teams had measured the prepyloric inch with equal precision. At one large hospital measurement on radiographs had made it possible to define only 2 % of ulcers as truly prepyloric, whereas in the other contributions 16-29% of ulcers had been assigned to type III. At the same time at this hospital there had also been many more other antral ulcers (category Illa) so that the proportions of all antral ulcers together were fairly homogeneous throughout the series (Table I) .
It was also found that some contributors, though they had felt able to judge an ulcer as antral by eye, had not always been able to discover from their records whether or not they had been within an inch of the pylorus and had not been able to use category IIIa at all. We have therefore decided to abandon category IlIa and put the ulcers assigned to it into type III. This probably now contains most if not all ulcers wholly to the right of the gastric angulus, though most of those at the angulus are believed to be with type I (when not of type II).
It is hardly likely that either a line at the gastric angulus or one an inch from the pylorus is the optimum frontier between ulcers of different pathogenesis and blood group characteristics. The blood group proportions among 215 patients known to have had ulcers at the angulus or between the angulus and the prepyloric inch lay between those of patients with ulcers of type I and type III, but closer to type III and with a small group 0 preponderance over the controls. This strongly suggests that the antral ulcers nearest to the pylorus carry the highest proportion of group 0.
The difference might have been more striking if we had divided ulcers other than those of type II bytheir secretion habit, but unfortunatelythiswas not practicable for so large a series drawn from a variety of places. It happens that most hyposecreting subjects develop ulcers to the left of the angulus and most hypersecreting ones with primary gastric ulcers develop them near the pylorus (Johnson, 1957b) and the anatomical classification has had to suffice.
We have observed that sometimes ulcers of the body of the stomach are associated with small, healed lesions near or on the pylorus. They would not be noticed unless carefully looked for and missing them would have led to a type II ulcer being mistaken for one of type I. (A clue is occasionally present when the patient is an acid hypersecretor or gives a history of pain at night, though it is not very often that these earlier lesions have been detected radiologically.) Burge, Gill, and Lewis (1963) were so impressed with the discovery of some cases of this sort that they wondered whether all gastric ulcers arose in this way, a view to which our evidence lends no support. By definition patients with ulcers of type I have a normal pylorus and in our experience these are much commoner than ulcers of the body of the stomach associated with pyloric lesions.
However, because of the ease with which these scars may be overlooked we decided only to assign to type I (strict) those cases in which a careful inspection of the duodenum and pylorus had been made at operation and specifically referred to as negative in the operation notes. Other apparent type I cases were kept in a separate category la, mainly to be used in the totals for all types together. As might have been expected, patients with ulcers of category Ia had blood group proportions which lay between those of patients with strict type I ulcers and those with ulcers of type II, suggesting a contamination by about one in three of true type I by unconfirmed type II cases. Some surgeons, having subscribed only patients on whom they had personally operated and in whom they had, they felt, always discovered or excluded duodenal or pyloric pathology, did not use category Ia.
If any blurring of the outlines of the three types has resulted it will have been more likely to have weakened our case than strengthened it, and this has certainly been the effect of having had to include more of the antruminourdefinitionoftypeIII. It is all the more remarkable that such very clear differences have nonetheless emerged.
In all strict type I cases the diagnosis depended upon a clear surgical report. Most other patients were also surgical, but in about 100 whose ulcers were assigned to types II or III, unequivocal radiological evidence was accepted, since if any ulcer had in fact been present in addition to those obvious in the radiographs they could still not have put the patient into type I.
CONTROLS
Consecutively registered blood donors whose addresses were within the main hinterland of each contributing hospital have been used as controls (Table IV) , the figures for England having been kindly supplied by the Nuffield Blood Group Centre (Royal Anthropological Institute). All the London series have been compared with the same set of controls, those of Kopec (1963) for a western part of London in which they all lay.
CHARACTERISTICS OF THE SERIES AS A WHOLE
There were 4,201 cases of gastric ulcer in the whole series, of which 2,410 were assigned to type 1 (57 %), 889 were of type 11 (21 %), and 902 of type III (21 %). Of the type I ulcers 707 were put in the uncertain Ia category. The real figure for type I ulcers may therefore be very near to 50% of all surgically treated gastric ulcers; type II, 30 %; and type III, 20 %. The proportions of the three types reported from the various sources were fairly similar (Table I) . The figures for cases by ulcer type and area by area are shown in Table I , the grand totals by ulcer types in Table II , and the blood group proportions with the relative incidences in Table III. There was a typical overall blood group 0 preponderance such that the apparent incidence of gastric ulcers of any type in persons of group 0 relative to that in persons of other groups came to 1 19. This is the same as the figure calculated from the combination of many areas all over the world (Fraser Roberts, 1957) .
As with duodenal ulcer, the preponderance of group 0 associated with gastric ulcers of mixed types apparently varies in size from place to place by a wider margin than can reasonably be attributed to chance.
For the purposes of statistical comparison the apparent incidences of ulcers of different types in persons of different blood groups are compared by the method of Woolf (1955) .
TYPE I ULCER
The 1,703 strict type I ulcer patients showed a preponderance of blood group A and diminution of all other groups, and so did six out of 10 individual areas (Table V) . The fact that the incidence in subjects of groups B and AB as well as in those of 0 was reduced in nearly every instance suggests that type I ulcers tend to occur positively in persons of group A rather than simply not to occur in those of group 0 but our figures for groups B and AB are not large enough to establish this hypothesis.
The mean weighted incidence of type I ulcer in persons of group A relative to its incidence in those of other groups was 1 14. The excess incidence gave X2 as 7-20 for 1 degree of freedom and was significant at a less than 1 % chance of fortuity. Four of the 10 areas were also individually significant at the 5 % level, and the areas with small differences in the other direction were none of them statistically significant. However, x2 for heterogeneity was 22'58 for 9 degrees of freedom, which is too high to be attributable to chance. for 9 degrees of freedom, which indicates considerable variation from place to place, which had virtually no chance of being fortuitous.
COMPARISON OF TYPE I WITH TYPES II AND III
Some of the marked variation which occurred from place to place might have been due to varying degrees of representativeness of the controls. In order to eliminate errors introduced from this source we therefore compared the relative incidence of type I ulcers with that of ulcers of types II and III. Againthe difference gave the very high x2 value of 38-2 for I degree of freedom (P<0001) but again there was marked heterogeneity between the areas (X2 = 46-0 for 9 degrees of freedom; P<0 001).
DIFFERENCES IN ACID-SECRETION PATTERN
It has already been shown on the basis of a relatively small number of cases that subjects with type I ulcers secrete less resting juice and juice of lower acidity, on the average, than normal subjects. Patients with ulcers of types II or Ill, on the other hand, usually show well-marked hypersecretion (Johnson, 1957b) .
Larger numbers are now available and the volumes and acidities of spontaneous nocturnal secretion of 153 gastric ulcer subjects have been compared TAB statistically. Half the patients secreted less and half more than 102 ml. of juice. Of the type I ulcer subjects, 49 secreted less and 21 more than this amount. Of the subjects with ulcers of types II or III, 27 secreted less and 55 more (Table IX) . When these figures are compared by the standard method they give x2 as 20-8 for 1 degree of freedom. The bulked juice of half the gastric ulcer subjects had an acidity of less than 15 mEq./l. The whole-night juice of 45 of the type I ulcer subjects was less acid than this and of 18 it was more acid. Of the type II and III ulcer subjects, 31 failed to reach the mean level and 58 exceeded it (Table X) . This time statistical comparison gives a x2 of 30-6 for I degree of freedom. There is therefore only a chance of one in many thousands of fortuity and very strong evidence that subjects with ulcers of type I, on the one hand, and 
DISCUSSION
Both the blood group studies and the acid secretion investigations have clearly shown that gastric ulcers are of two quite different kinds. Prepyloric ulcers and gastric ulcers which are combined with, and probably secondary to, duodenal ulcers, both tend to be found in subjects who are hypersecreting and also predominantly of blood group 0. In fact there is good evidence that the excess is even greater in these patients than among those with duodenal ulcers alone. On the other hand patients with ulcers well away from the pylorus and without preceding duodenal or juxta-pyloric lesions are characterized by a tendency towards hyposecretion of acid and have no evidence of any association with blood group 0. Indeed there is a significant excess in them of group A.
Evidence for a general relationship between blood group 0 and hypersecretion was put forward by K0ster, Sindrup, and Seele (1955) who pointed out that subjects with diseases such as pernicious anaemia and carcinoma of the stomach, which carry a tendency to preponderance of group A, are also characterized by hyposecretion, and those subjects suffering from conditions with excess of 0, such as duodenal ulcers, also have hypersecretion of hydrochloric acid. They showed that the relationship had a high level of statistical significance. For peptic ulcer subjects further support came from the figures of Buckwalter, Wohlwend, Colter, Tidrick, and Knowler (1956) , of Brown et al. (1956) , and from our own data.
Brown and his co-workers have been cited as having established that there is no relation between hypersecretion and the ABO blood groups, and this is indeed what they stated in their summary. But in the body of their paper they reported that the mean maximal acid output of 160 group 0 ulcer patients was higher than that of 88 of group A; in the case of the 39 with gastric ulcers it was about 30% higher. Their evidence did in fact point in the same direction as our own and that of others, though it did not by itself in this small series attain statistical significance.
However, among peptic ulcer subjects the case was strongest for those with gastric ulcers, and in them might have been no more than an expression of the fact brought out in this study that gastric ulcers of different kinds occur, one kind in hyposecretors and the other in hypersecretors of acid, only the latter being associated, possibly for some other reason, with group 0 excess. We therefore compared resting secretion levels of 'Os' with 'As' among 156 duodenal ulcer patients. There was indeed a small excess of group 0 subjects both among those who secreted a larger than average volume of resting juice (Table  XII) , and among those whose juice was more acid than the average for all duodenal ulcer patients (Table XI) . Among those who were below average in either respect there was an excess of As. However, Totals  27  9  20  25  19  24  20  13   12  4  3  2 Most of those with very low levels of acidity had evidence of pyloric obstruction and intragastric buffering. SUBJECTS BY BLOOD GROUPS Gastric Secretion (ml.)
Blood Group 0-100-200-300-400-500-600-700-800-900-1,000-1,100-1,200-1,300- The level of serum pepsinogen is believed to be a reasonable index of the acid-secreting cell mass in the stomach, and Hanley (1964) found in 800 normal subjects that both the group 0 and non-secretor phenotypes had higher mean serum pepsinogen levels. The difference between the group 0 nonsecretors and group A secretors was significant at a level of 1 %.
Evidence has also been reported that the more severe the ulcers the greater the preponderance of group 0 among the patients (Brown et al., 1956) . Recurrent ulcers carry a particularly high proportion (Doll and Swynnerton, 1960) , and the tendency for recurrences to occur mainly among gross oversecretors of acid was commented on many years ago (Wright, 1935; Orr and Johnson, 1947) . Baron (1963) has demonstrated a gradient of acid secretion, ulcers in the body of the stomach being associated with the lowest and ulcers near the pylorus with the highest, levels. This is similar to the gradient which we have found for blood group 0 preponderance. It may well be that diseases which are associated with group 0 are so associated only because they are found in persons predisposed by a tendency to hypersecretion of hydrochloric acid and that this is partly hereditary. Card and Marks (1960) , and, by a different technique Capper, Laidlaw, Buckler, and Richards (1962) , have shown that acid hypersecretion is characterized by a larger than average area of acidsecreting mucosa or oxyntic-cell population, and it is presumably this anatomical feature which is hereditary.
The suggestion has been made that rather than blood group 0 being associated with an ulcerogenic factor, group A may carry a protective one, or even that blood group A substance is itself protective. Clarke et al. (1956) observed that duodenal ulcers were less common in those who secreted blood group substances in their digestive juices than in those who did not, and they suggested that the H substance secreted by group 0 secretors gave some protection but less than that given by the A substance. However, our finding that type I gastric ulcers are more apt to occur in group A than in group 0 subjects appears to refute this hypothesis. The apparent fact that different kinds of ulcers occur predominantly in subjects of different blood groups does not allow of the possibility of either group being associated with a single hereditary protective factor, nor indeed with a single hereditary ulcerogenic factor responsible for all kinds of ulcer either. Wolf and Wolff (1943) observed that acid secretion and the production of mucin seemed to go hand in hand (though there is evidence that no close relationship exists). It is certainly not usual for a hypersecretor of acid to develop an ulcer in the body of the stomach unless he first has a duodenal or pyloric lesion and some interference with gastric emptying. This could be because excess of acid in a hypersecretor promotes an adequate flow of mucus for defence of the stomach, though not of the duodenum. However, a hyposecretor of acid may have inadequate stimulation to mucus secretion and on that account be vulnerable even to his diminished acid/peptic attack. It was suggested, therefore, that type I gastric ulcer is a disease of hyposecretion (Johnson, 1957a) .
Though the blood group relationships described are all well marked, the series shows striking lack of homogeneity between the contributing areas, both in respect of the group A excess in type I ulcer patients and also for the group 0 excess in patients with ulcers of types II or III. The size of the excess has varied by a wide margin from glace to place, and evidently this cannot be attributed to chance. Some of this heterogeneity is probably due to variations in representativeness of controls, for it is particularly noticeable between different parts of London. All the London series were compared with the same controls, though considerable differences are known to exist between areas with, for example, greater or lesser proportions of Irish in the local population (Table XIII) . Some areas show quite atypical overall pictures, with the relative incidences for the various types of ulcer consequently all shifted in the same direction.
However, this would not account for the hetero- Pyloric obstruction has been seen commonly to promote a gastric ulcer proximal to it, usually to the left of the gastric angulus and in a position similar to that characteristic of ulcers of type I. Since the operation of vagotomy (alone) resulted in gastric retention one of us hazarded a guess that it too might lead to a gastric ulcer (Johnson, 1948) . Before long this was indeed one of the reasons why vagotomy alone was abandoned. We have seen cases of benign gastric ulcer proximal to obstructing antral carcinomas, and others were mentioned by Aird, Bentall, and Roberts (1953) . However, duodenal and prepyloric ulcers are by far the commonest causes of gastric retention and it was to be expected that the majority of cases of ulcer associated with gastric retention should also have hypersecretion and a group 0 preponderance. But, the occasional discovery of one complicating a prepyloric carcinoma with hypochlorhydria suggests that retention rather than acid hypersecretion may be the more important factor in pathogenesis in ulcers of type II. Overwhelming of mucus secretion by an excessively powerful acid-peptic attack may be all-important in these cases.
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SUMMARY
The purpose of this paper was to establish that gastric ulcers, which have themselves but recently won recogrition as a disease entity separate from duodenal ulcers, should more properly be further subdivided. This was done by showing that when gastric ulcers were put into categories in accordance with certain simple criteria, not only were the acidsecretion patterns associated with the categories convincingly dissimilar, but also their blood group characteristics differed to a statistically highly significant degree.
Gastric ulcers have been shown to be of two main kinds, one associated with hypersecretion and a very marked blood group 0 predominance, and the other with hyposecretion, having no evidence whatever ofgroup 0 preponderance, but in fact strong evidence for an excess of group A. Hypersecretion ulcers fall into two types found in different situations. One is an ulcer occurring in the body of the stomach secondary to a duodenal ulcer; the other is prepyloric and is already well recognized to have more in common with duodenal ulcers than with other ulcers elsewhere in the stomach.
Hypersecretion ulcers make up about half of all surgically treated gastric ulcers. Together they have been the source of the whole of the overall group 0 excess in this series. They are 50% more likely to occur in persons of blood group 0 than in those of other groups. Since most series of gastric ulcers contain a mixture of types with opposite blood group characteristics, it is not surprising that the overall features reported from different centres have been so varied and contradictory.
